Because neurosurgeons employ various criteria in deciding which cases of lumbar disc syndrome warrant operative treatment for lumbar disc protrusions, it is difficult to compare the results of operative treatment. Thus low back pain without sciatica may be considered to be a sole and sufficient criterion for advising operation provided the myelogram gives confirmatory evidence of disc protrusion (Gurdjian et al., 1961) . In some instances pain may lead to re-exploration in socalled failed cases (Law et al., 1978) . On occasions myelography may not be done at all before operation (Scoville and Corkill, 1973) . Lumbar disc syndrome can be mimicked by other conditions so that some fruitless operations must be performed (Paine and Huang, 1972) .
The cases studied in this series were all subjected to the same criteria in terms of clinical assessment and x-ray contrast studies over the 12 year period.
Subjects and methods
The sample of 323 cases came from an overall population of about 1.3 million people whose sickness needs are attended to by a district general hospital with a neurosurgical unit. All these cases were treated under the direction of one neurosurgeon; some were operated on by assistants trained in the operative technique. In each case the clinical and investigative criteria below were fulfilled before the patient was advised to have operation. There was no compensation cases.
All patients were disabled and off work because of lumbar disc syndrome of duration from one week to three months. In some instances because of cauda equina compression cases were referred within 24 hours. The clinical criteria employed are described elsewhere and summarised under the headings tension signs, mechanical signs, and root signs (O'Connell, 1951) .
All patients had radiographs of the lumbar spine as well as myelography with sodium iothalamate which was removed in most cases. Patients in whom significant spinal abnormality, such as true or pseudospondylolisthesis, coexisted with the disc protrusion were not included in the study.
The technique is described only briefly since it is well known. All patients were placed in a left or right lateral position. In the unilateral protrusions the affected side was uppermost. The patient was allowed to breathe spontaneously.
For unilateral protrusions the affected root was exposed after a unilateral muscle strip and the appropriate removal of parts of hemilamina or upper end of sacrum. Facet joints were not excised but the ligamentum flavum was adequately excised laterally. After protecting the root any disc material lying in the spinal canal was removed and an incision made in circular fashion through the posterior longitudinal ligament and annulus fibrosus. Soft disc was then removed using pituitary 804 L4/5 and L5/S1 disc protrusions: analysis of 323 cases operated on over 12 years rongeurs and curettes. No attempt was made to remove endplates. For the central protrusions a bilateral muscle strip was performed with upper and lower partial laminectomies or else partial excision of the upper part of the sacrum. The disc was then excised from both sides. All the unilateral cases underwent disc excision from the affected side only, while the central protrusions were excised bilaterally.
All the excised disc material was immediately weighed before immersion in formol saline. Immersion can increase the measured weight by up to 68%, and this may account for high weights of disc and endplate excised unilaterally in one series (Scoville and Corkill, 1973 What are the overall recurrence rates, the recurrence rates at L4/5, L5/S1 intervertebral spaces separately, and the recurrence rates in men and women? How many new protrusions-that is, protrusions at a level different to the level of the first protrusion-occurred during the period of followup?
Results
The frequency histogram ( Figure) shows the age distribution of the 323 patients in the range 12 years to 66 years.
Among the 301 patients who had unilateral protrusions, 130 had L4/5 protrusions and 171 had L5/S1 protrusions. Twenty-two of the patients had central protrusions which were operateu on bilaterally. Eighteen of the central protrusions were at L4/5 and the remaining four at L5/S1 interspace. There were three times as many men as women in the sample. The incidence of protrusions at different levels differed in men and women in that men had a higher proportion of L4/5 protrusions and a lower proportion of L5/S1 protrusions than women (Table 1 ). Although men were followed up on average for about six months longer than women there was no apparent difference between the sexes in terms of age at operation or weight of disc excised (Table 2) . Men had better final grades than women. However, only 10% more men than women had final grade 1 (Table 3) . The age at which operation was performed bore no relationship to any of the other measured variables except final grade (Table 4 ). There was a tendency for older patients to have better final grades than younger patients (P=0.06, Table 4 ). The weight of disc excised did not seem to influence the final clinical state or the likelihood of recurrence, and was similar in the recurrent and non-recurrent as well as in patients with different grades (Table 5) .
The weight of disc excised was greater for L4/5 protrusions than for L5/S1 protrusions. The differences were consistent in both central and noncentral protrusions (Table 6) .
RECURRENCES
There was a total of 15 (4.6%) recurrences in 323 cases. Recurrences occurred only in the unilaterally operated cases (Table 7) . The proportion of recurrences was significantly higher for patients with L4/5 protrusions (7.4%) than for patients with L5/S1 protrusions (2.3%). In contrast, however, the L4/5 patients who did not have recurrence had better final grades than those with L5/Sl protrusions (Table 8 ). The L4/5 and L5/SI disc protrusions: analysis of 323 cases operated on over 12 years figure of 4.6% for the recurrence rate is likely to be an underestimate because of the relatively short duration of follow-up for most of the patients in this series. Asymptomatic patients were discharged from follow-up. Furthermore, patients were followed up for different lengths of time, and the mean follow-up was 3.1 years whereas the mean time to recurrence was 3.7 years. The correlation between length of follow-up and time to recurrence was r=0.79 (n=15, P<0.0Ol). Less than half the patients were followed up for more than three years while more than half of the recurrences (52.3%) occurred after three years. From the data it is impossible to obtain an accurate estimate of the expected recurrence rate. If one assumes that recurrences were likely to occur at the same rate in those patients who were lost to follow-up as those who remained in the study, one obtains an estimate of 25% for the proportion of recurrence within five years of operation (Peto et al., 1977 (Table 10 ). The sample of 22 central protrusions is too small to enable one to detect a difference in recurrence rates between central and non-central protrusions. However, in the follow-up, none of the bilaterally operated cases had a recurrence. There was no difference between patients with central and non-central protrusions in either length of follow-up or age at operation (Table 11 ). There were five new protrusions none of whom had recurrences in the period of study (Table 12) . It has yet to be shown conclusively that a protruded lumbar intervertebral disc producing symptoms and signs should be excised in situations other than those where the patient has significant neurological deficit such as foot-drop or when free disc fragments are found in the spinal canal. Spurling showed that mechanical root decompression may be sufficient treatment after removing fragments lying in the canal (Spurling and Granham, 1949) . However, what one surgeon regards as an adequate root or roots decompression may be regarded as quite inadequate by a colleague.
It is commonly believed that the best functional results are obtained by attempting to excise all the soft disc and even endplates. While some writers have mentioned the mean weights of disc excised (O'Connell, 1951; Gurdjian et al., 1961; Scoville and Corkill, 1973) , none has satisfactorily shown that the weight of disc excised really influences the result provided that the affected roots are decompressed adequately.
The main argument for complete disc excision rests on the obvious but somewhat banal idea that a disc protrusion cannot recur if it has been excised completely and that this can be achieved in a unilateral operation.
In one series (Scoville and Corkill, 1973) The fact that no recurrence occurred during the follow-up period in central protrusions does not imply that a recurrence could not occur. Only a long-term postoperative study could answer the question as to whether bilateral disc excision should be done in every case including unilateral protrusions. There is no evidence from this study that bilateral rather than unilateral disc excision improves prognosis, but the number of bilateral cases is small. The sample of patients was large enough to show that the recurrence at L4/5 in the unilateral cases was significantly greater than at L5/S1 intervertebral space.
It was no surprise to find the weight of disc excised at L4/5 was greater than at L5/S1 interspace. The weights excised in the unilateral operations are very similar to those found by O'Connell (1951) . In 350 specimens he recorded weights of less than 1.0 g in 14%, 1-2 g in 32%, 2-3 g in 31%, and more than 5 g in 2%. In some instances bilateral excisions were performed.
Because of differences in follow-up time between patients in different studies the recurrence rates in published series (Table 9) are of interest but are not strictly comparable. It is possible that recurrence of disc protrusion is an iatrogenic phenomenon occurring in those situations where no disc material is found in the spinal canal and soft disc material is only partly cleared after making a circular incision in the posterior longitudinal ligament.
Finally it should be mentioned again that none of the cases studied here had compensation claims. There are numerous reputable authors who suggest compensation claims as one reason for longterm failure of disc operations.
Conclusions
Strict clinical and investigative criteria must be adhered to when offering lumbar disc excision as a treatment option to patients with L4/5 and L5/S1 disc protrusions.
The weight of disc excised does not seem to influence the likelihood of recurrence or subsequent clinical state providing adequate root decompression is carried out. L4/5 and L5/SJ disc protrusions: analysis of 323 cases operated on over 12 years There is no evidence that bilateral rather than unilateral disc excision improved prognosis. The final clinical state of patients who had bilateral operations was slightly (though not statistically significant worse than those who had unilateral operations. Moreover although the recurrence rate of L4/5 disc protrusions in the unilateral operations was significantly higher than for L.S/S1 discs there is still not enough information to advocate routine bilateral excision for unilateral protrusions. 
